Number Recent studies have described a phenomenon wherein the onset of a peripheral visual 46 stimulus elicits short-latency (<100 ms) stimulus-locked recruitment (SLR) of neck 47 muscles in non-human primates (NHPs), well before any saccadic gaze shift. The SLR is 48 thought to arise from visual responses within the intermediate layers of the superior 49 colliculus (SCi), hence neck muscle recordings may reflect pre-saccadic activity within 50 the SCi, even in humans. We obtained bilateral intramuscular recordings from splenius 51 capitis (SPL, an ipsilateral head turning muscle) from 28 human subjects performing 52 leftward or rightward visually-guided eye-head gaze shifts. Evidence of a SLR was 53 obtained in 16/55 (29%) of samples; we also observed examples where the SLR was 54 present only unilaterally. We compared these human results to those recorded from a 55 sample of 8 NHPs from which recordings of both SPL and deeper suboccipital muscles 56 were available. Using the same criteria, evidence of a SLR was obtained in 8/14 (57%) of 57 SPL recordings, but in 26/29 (90%) of recordings from suboccipital muscles. Thus, both 58 species-specific and muscle-specific factors contribute to the low SLR prevalence in 59 human SPL. Regardless of the presence of the SLR, neck muscle activity in both human 60 SPL and in NHPs became predictive of the reaction time of the ensuing saccade gaze 61 shift ~70 ms after target appearance; such pre-gaze recruitment likely reflects developing 62 SCi activity, even if the tectoreticulospinal pathway does not reliably relay visually-63 related activity to SPL in humans .  64   65   2   Introduction  66  67  68 There is a long history in cognitive and behavioural neuroscience of studying reaction 69 times (RTs) to test and refine hypotheses of brain processing and function (Luce 1986). 70
There is a long history in cognitive and behavioural neuroscience of studying reaction 69 times (RTs) to test and refine hypotheses of brain processing and function (Luce 1986) . 70
The practice of chronometry has been particularly advanced in the oculomotor system, 71
given the discrete nature of saccades (see (Sumner 2011) there has been a renewed interest lately in the insights that can be gained via close 78 examination of other components of the orienting response, such as head or limb motion, 79 pupil dilation, or the propensity of fixational eye movements (see (Corneil and Munoz 80
2014) for review). 81
One recent line of research has focused on stimulus-locked recruitment (SLR) in 82 neck muscles following the onset of a bright visual target. In non-human primates 83 (NHPs), visual target onset leads to the rapid (within 60-90 ms) recruitment of neck 84 muscles that would turn the head toward the target (Corneil et al. 2004 ). Importantly, 85 while the timing of such an SLR is fixed relative to the target rather than the saccade, its 86 magnitude varies inversely with the subsequent saccadic RT. Other studies of the SLR in 87 the NHP, using an inhibition-of-return (Corneil et al. 2008 ), anti-saccade (Chapman and  88 Corneil 2011), or biased reward (Rezvani and Corneil 2008) paradigm emphasized the 89 resemblance of this SLR with the visual response observed within the intermediate layers 90
of the superior colliculus (SCi) . The SLR appears to provide a proxy for aspects of 91 collicular processing well before saccade onset, reflecting differences in the brainstem 92 circuitry governing saccadic versus orienting head movements. 93
The primary goal of this study is to describe the prevalence and basic properties 94 of any SLR that may be present in the muscles of the human neck. Here, we focus on the 95 recruitment of splenius capitis (SPL), a large ipsilateral head-turning muscle (Fig. 1B) . 96
Although recording suboccipital neck muscle activity is possible in humans (Bexander et 97 al. 2005 ; Blouin et al. 2007 ), SPL provides a more superficial, and hence more 98 accessible, target for intramuscular recordings. We find that the SLR occurs with a 99 prevalence of ~30% in a substantial sample of bilateral SPL recordings obtained from 100 almost 30 human subjects studied at two independent institutions. Such a prevalence is 101 substantially lower than that reported initially for SPL, and other head-turning neck 102 muscles, in the NHP (Corneil et al. 2004 ). To better understand this potential species 103 difference, the secondary goal of this study is to compare the results obtained from 104 humans to that obtained from a large sample of neck muscle recordings in NHPs 105 performing comparable oculomotor tasks, using the exact same analyses. Such cross-106 species comparisons show that the pathways relaying the SLR to the neck terminate 107 preferentially on motoneurons for deeper suboccipital muscles, and that a species 108 difference also contributes to the lower prevalence of the SLR in SPL in humans versus 109
NHPs. However, as will be clear below, the relationship between SPL recruitment and 110 ensuing saccadic reaction time in humans is consistent with known properties of SCi 111 activity. 112
113

Methods 114 115
Human subjects 116
All procedures in humans were approved by the Research Ethics Board for Health 117
Science Research at the University of Western Ontario (hereafter UWO), and by the 118
University of Texas at Austin (hereafter UT) Institutional Review Board, and were in 119 accordance with the Declaration of Helsinki. Twenty-four healthy subjects at UWO 120 (mean age = 26 years, SD = 4.2; 7 of these subjects were female) and four male healthy 121 subjects at UT (mean age = 34, SD = 11.2) were recruited locally to participate in the 122 experiment. All human data were collected with the head unrestrained and free to move, 123 which we felt would optimize the chances of observing SLRs. Data collected at UWO 124 was usually collected after the subjects performed a countermanding experiment 125 (Goonetilleke et al. 2010 ) or inhibition-of-return (Corneil et al. 2008 ) experiment. At 126 both institutions, subjects reported no neurological symptoms or neck/back pain and all 127 had either normal or corrected to normal vision. Subjects gave informed consent and 128 were aware that they could terminate testing at any time. The six authors were subjects, 129 and hence were knowledgeable about the specific goals of the experiment. Their results 130 did not differ from the remaining subjects who were naïve to the experimental goals. 131
132
NHP subjects 133
Eight male NHPs (7 Macaca Mulatta, 2 and 5 from Queen's University or UWO, 134 respectively; 1 Macaca fascicularis from the UWO) weighing 5.4 -14 kg contributed 135 data to this paper. All training, surgical, and experimental procedures were approved by 136 the appropriate animal care committee at each institution, and in compliance with the 137 guidelines of the Canadian Council on Animal Care policy on the use of laboratory 138 animals. Data was collected from these animals while they were being prepared for or 139 used in other experiments requiring extracellular stimulation or recording in the 140 oculomotor system. Each animal underwent a surgery to permit recording of neck muscle 141 activity via chronically-implanted electrodes, as described in detail elsewhere (Elsley et 142 al. 2007) . In this paper, we report data recorded from SPL, as well as from the deeper 143 suboccipital muscles obliquus capitis inferior (OCI) and rectus capitis posterior major 144 (RCP) (Fig. 1A) , all of which are known to contribute to ipsilateral head turns (Corneil et 145 al. 2001 ; Lestienne et al. 1995) . Eye movements were measured either via an implanted 146 scleral search coil, or via an eye tracker. 147
Experiments were performed while the NHPs were in a customized chair with the 148 head restrained. While this differs from the head-unrestrained set-up used in humans, our 149 previous work has shown no effect of head-restraint on the SLR in NHPs (Chapman and 150 
Visually-guided gap saccade task 154
All humans and 5 NHPs performed a visually-guided saccade task (Fig. 1C) which 155 required them to generate centre-out gaze shifts from a central fixation point (FP;  156 presented for between 1-1.5s at UWO; 0.8-3s at UT) to a peripheral target located 30º 157 (human subjects at UWO), 50-60º (human subjects at UT), or between 20º and 35º (NHP) 158
to the left and right. We used differing eccentricities to assess whether the presence or 159 magnitude of head motion related to the detection of the SLR (as mentioned in the 160 RESULTS, we saw no such relationship). The eccentricity used in humans at UWO falls 161 within the human oculomotor range (Stahl 1999), hence these subjects were free to 162 generate the gaze shift with or without a head movement. The eccentricity used at UT 163 falls outside this range, hence subjects had to employ coordinated eye-head gaze shifts. 164
For all humans and 5 NHPs, we introduced a 200 ms gap between FP offset and target 165 onset in order to shorten reaction time (Dorris and Munoz 1995; Saslow 1967) , since 166 larger SLRs in the neck tend to precede short-latency gaze shifts (Corneil et al. 2004) . 167
The other NHPs performed visually-guided "step" saccades (0 ms gap), which were 168 either control trials without a cue within an inhibition-of-return paradigm (1 NHP; 169 (Corneil et al. 2008 )) or pro-saccades from an intermixed pro-/anti-saccade experiment (2 170
NHPs; (Chapman and Corneil 2011)). Target eccentricities were selected as those proven 171 to be effective in provoking robust SLRs in NHPs regardless of head-restraint (Corneil et 172 al. 2004) . Human subjects at both institutions were instructed to make a gaze shift to the 173 peripheral target as quickly and accurately as possible, using whatever pattern of eye-174 head coordination they selected. All peripheral targets consisted of light-emitting diodes 175 (LEDs) positioned in front of the subject in the horizontal plane. Leftward and rightward 176 trials were pseudorandomly presented within a block of 100-250 trials. 177
Data collection and analysis 178 179
Procedures for data collection and preliminary processing have been described previously 180 for humans (Goonetilleke et al. 2010 ) and NHPs (Corneil et We did not analyze head movement onsets at UT since such measurements are not 205 optimized nor calibrated for measurement of head movement kinematics. Note as well 206 that our interest in this manuscript is to specifically examine neck EMG onset relative to 207 long RTs (> 500 ms) were also excluded due to lack of subject alertness. Further details 231 regarding our analyses are provided in the Results. 232
233
Results
234
Representative examples of the presence or absence of the SLR on human SPL 235
We recorded bilateral SPL activity during leftward and rightward eye-head gaze shifts. 236
Across our sample of human subjects, the average RTs for gaze shifts and head 237 movements were 185 ± 27 ms (mean ± std; both sites) and 209 ± 39 ms (UWO subjects 238 only) respectively, as befitting a task with a 200 ms gap. We observed strong and 239 consistent recruitment of SPL before the onset of ipsilateral head movements made 240 during medium-sized gaze shifts and, providing there was sufficient baseline muscle 241 activity, a mirroring decrease in SPL activity during contralateral movements ( Fig. 2A,  242 showing such activity for three representative subjects, scaled to the peak level of muscle 243 activity achieved just before the onset of the orienting head movement). Such profiles of 244 activation were expected based on previous SPL recordings in humans making horizontal 245 eye-head gaze shifts (Goonetilleke et We also show data from a third representative subject, subject C, in the right 268 columns of Fig. 2 . The data from this subject falls in between the two extremes; although 269 there is clearly no obvious SLR as in subject A, the recruitment of left-SPL hints at a 270 potential SLR ~100 ms after target onset. However, this potential SLR is obscured by 271 prominent movement-related activity for short-latency movements (this subject had 272 generally shorter RTs than subject A), as well as by anticipatory recruitment of this 273 muscle on such trials beginning ~50 ms after target onset. Such anticipatory recruitment 274 complicates the assessment of the presence of the SLR. Note as well that there is no SLR 275 on the right-SPL muscle. This illustrates another finding regarding the occasional 276 unilateral detection of the SLR on one side of the neck but not the other. 277
278
Detection of the SLR 279
The initial reports of an SLR in neck muscles in NHPs employed a time-series 280 receiver operating characteristic (ROC) analysis. At each point in time, this ROC analysis 281 yields the probability that an ideal observer could determine the side of target 282 presentation based solely on neck muscle activity; a value of 0.5 or 1.0 means that the 283 observer performs at chance or perfect levels, respectively. In the NHP neck, an SLR was 284 determined to be present if this time-series ROC informed about the side of target 285 presentation less than 100 ms after target onset. Had we used a similar criteria in humans 286 (extending the acceptance criteria to 120 ms, to account for the longer latencies of 287 express saccades in humans), an SLR would have been detected in 70% (39/55) of our 288 sample. 289
A drawback with this previous analysis is that detection of an SLR could arise 290 simply because of the influence of short-RT movements. To overcome this concern, and 291 to provide a more stringent assessment of the presence or absence of an SLR irrespective 292 of RT, we adopted aspects of the approach of Pruszynski and colleagues (2010), 293 performing separate time-series ROC analyses on muscle activity after splitting trials into 294 those above or below the median RT. The rationale of splitting trials into those with RTs 295 either above or below the median value is that the timing of any SLR relative to target 296 presentation should be the same regardless of the ensuing RT. Our assessment of the 297 presence or absence of the SLR depended on the slope of line connecting points plotting 298 mean RT versus the time at which the ROC curve discriminated target side, for the short 299 and long RT bin. Theoretically, the slope of this line will be 90º if the SLR is present 300 (since initial recruitment would depend on the time of target onset), versus 45º if the SLR 301 is absent (since initial recruitment would depend on the time of movement onset). 302 Accordingly, we determined that an SLR was present if the slope exceeded 67.5º (i.e., 303 halfway between 45º and 90º). For this analysis, we conservatively excluded trials with 304
RTs below 120 ms, as these fall in the range of express saccade where movement-related 305 activity can obscure sensory-related activity. 306
We use the data from the same three representative subjects to show the rationale 307
and results of our analysis. We start with the left-SPL muscle recorded from subject A 308 (left-most columns in Fig. 3 ). Note that this muscle displayed substantial anticipatory 309 recruitment prior to the arrival of the SLR, meaning that the subject was anticipating 310 leftward target appearance prior to short-RT leftward trials. As a consequence, the time-311 series ROC was well above 0.5 within ~30-60 ms after target onset, preceding any SLR 312 (top-left subplot in Fig. 3B ). To avoid detections due to anticipation rather than the 313 arrival of stimulus-related information, we performed an analysis that first searches for 314 inflections in the time-series ROC using a two-piece piecewise linear regression 315 (Cashaback et al. 2013 ). This analysis fits two linear regressions to the data, with these 316 linear regressions intersecting at a candidate inflection point. The first linear regression is 317 based on baseline activity preceding any SLR (typically from -50 to +60 ms relative to 318 target onset), and so captures the offset and trend in anticipatory EMG activity; this linear 319 regression is projected forward to the candidate inflection point. The second linear 320 regression is based on the activity spanning from the candidate inflection point to the first 321 peak in the ROC curve after a putative SLR. Candidate inflection points are tested for 322 each millisecond spanning from 60 ms after target onset to the first peak in the ROC 323 curve, and the determined inflection point is the point that minimizes the squared error 324 between the observed ROC curve and the two linear regressions. This analysis yielded an 325 inflection point of 79 and 78 ms for the short-RT and long-RT groups, respectively. 326
Relative to the ROC value at the inflection point, the discrimination time is then the point 327 at which the ROC increases by a further 0.08 for 5 of the next 8 points (0.08 is the 95% 328 CI determined by bootstrapping). We then plotted the mean RT versus the discrimination 329 times for each RT group, and obtained a line with a slope of 91º ( For subject C, analysis of the time-series ROC for left-SPL yielded a slope of 78º, 338 as the discrimination times were 8 ms longer for the long-versus short-RT group. In 339 contrast, the slope for right-SPL was 60º, as the discrimination times were 19 ms longer 340 for the long-versus short-RT group. 341
342
The SLR is present on a minority of human SPL recordings 343
We repeated the above analyses for all subjects in our sample. The data from one muscle 344 in one subject was discarded due to a loss of recording, leaving a database of 55 muscle 345 recordings across 28 subjects. 346
Using these criteria, we detected an SLR in 16 of 55 (27.2%) recordings (Fig.  347 4A,B). Of these 16 recordings, 6 came from 3 subjects exhibiting an SLR bilaterally, with 348 the remaining 10 coming from subjects exhibiting an SLR on one SPL but not the other. 349
Thus, 13 of 28 subjects (46%) exhibited an SLR on at least one side of the neck. When 350 present, the average discrimination time pooled across both the short-and long-RT 351 groups was 95 ± 14 ms (mean +/-SD, range: 76-120 ms), with the discrimination time 352 being 6 ± 7 ms longer for the long versus short RT block. By comparison, gaze RTs were 353 43 ± 12 ms longer for the long versus short RT block. 354
Across our sample, no one factor predicted whether an SLR would be present or 355 not. Some subjects with an SLR were experienced in oculomotor tasks, whereas others 356 with an SLR were completely naïve. The presence or absence of an SLR also did not 357 depend on the subject's idiosyncratic gaze or head reaction time, or the kinematics 358 (amplitude or velocity) of any associated head movement (two-way t-tests of these 359 measures based on the presence or absence of an SLR; P > 0.10 for all comparisons). 360 361
In the NHP, SLRs are more common on suboccipital muscles compared to SPL 362
The 30% proportion of recordings in human SPL that display an SLR is lower than what 363 was initially reported in non-human primates (NHPs) (Corneil et al. 2004 ). However, this 364 previous analysis did not perform a median split on RTs, and did not exclude express 365 saccades. To ensure a fair comparison of the SLR phenomenon in NHPs and humans, we 366 now perform the same analysis as used in humans on a large database of neck muscle 367 recordings from NHPs performing oculomotor tasks (see METHODS for details on 368 tasks). For this analysis, we have pooled results from obliquus capitis inferior (OCI) and 369 rectus capitis posterior major (RCP maj), and refer to these as the 'suboccipital muscles'. 370
The sample analysed from NHPs comprises 29 separate suboccipital muscle recordings 371 and 14 separate SPL recordings over 8 NHPs. 372
Using the same detection criteria as employed in humans, we detected an SLR in 373 26/29 (90%) recordings of suboccipital muscle activity (Fig. 4C,D) , and 8/14 (57%) 374 recordings of SPL activity (Fig. 4E,F) . The difference in SLR prevalence in NHPs across 375 suboccipital muscles versus SPL is significant (χ 2 = 42, P < 0.001). When present in 376
NHPs, the average discrimination time pooled across both the short-and long-RT groups 377 was 73 ± 12 ms (mean +/-SD, range: 56-97 ms) for the suboccipital muscles, and 74 ± 12 378 ms (mean +/-SD, range: 61-91 ms) for SPL. Pooled across both muscles, the average 379 discrimination time was 4 ± 10 ms longer for the longer versus short RT block. In 380 comparison, gaze RTs were 65 ± 27 ms longer for the long versus short RT block. 381
As with humans, there was no simple explanation or factor that predicted the 382 presence or absence of the SLR on any muscle in the NHPs. Anecdotally, SLRs were 383 detected in both experienced and naïve animals (even being present the first time an NHP 384 performed visually-guided saccades for a liquid reward), in both macaca mulatta (7 385 NHPs) and macaca fasciularis (1 NHP), and in NHPs responding at relatively long RTs 386 (we did not compare day-to-day reliability in NHPs since the neck EMG electrodes are 387 chronically indwelling, and hence likely sampled the same motor units). We show one We obtained successful bilateral SPL recordings in 27 of our 28 subjects, and 432 performed this analysis for both leftward and rightward saccades (i.e., a given muscle 433 would serve as an agonist or an antagonist for ipsilateral or contralateral movements, 434 respectively). This yielded a total of 54 opportunities with which we could investigate 435 bilateral SPL recruitment with the ensuing saccadic RT. 436
To do this comprehensively, we adopted a sliding window analysis, where we 437 integrated EMG activity within a 20 ms window, and slid this window from 0 to 120 ms 438 relative to target presentation in 1 ms steps (for this analysis, we excluded saccades with 439 RTs < 120 ms; similar results were obtained if we excluded saccades < 150 ms, 440 emphasizing that the following results are not simply due to the presence of short-latency 441 movements). As shown by the black line in Fig. 6B , the average r-value across our 442 sample was near zero within the first ~35 ms following target presentation, indicating that 443 there was little predictive value between neck EMG and the ensuing RT. After this 444 however, the average r-value began to drop fairly quickly, falling from a value of -0.2 445 ~70 ms after target onset (the latest interval before any influence of an SLR; 18 of 54 446 correlations were significantly negative at this interval, as shown in the inset histogram) 447 to a value near -0.4 around the time of the average SLR (102 ms after target presentation; 448 35 of 54 correlations were significantly negative at this interval). 449
The negative relationship between neck EMG and RT is also not simply due to 450 those subjects displaying an SLR. To show this, we repeated this analysis only using the 451 recordings from those 15 subjects who did not display an SLR on either the left or right 452 SPL. As shown by the grey line in Fig. 6B , a very similar time course is seen in the 453 relationship between bilateral neck recruitment and the ensuing reaction time. This result 454 emphasizes that recruitment of human SPL has predictive value of the ensuing reaction 455 time, regardless of the presence or absence of an SLR. 456 We repeated this analysis in the sample of recordings from neck muscles in 457 NHPs, after subdividing the recordings to those obtained from the suboccipital muscles 458 versus SPL muscles (Fig. 6C) . Although the number of samples is smaller (particularly 459 for SPL, where bilateral recordings were available in only 6 of the 8 NHPs), the trend for 460 neck muscle activity to become progressively more predictive of ensuing RT is apparent 461 in both sets of muscles (here, we excluded RTs < 100 ms since NHPs tend to have shorter 462 express saccade RTs than in humans; similar results were obtained if we used a 120 ms 463 exclusion). Recall as well that the SLR evolves at shorter latencies in NHPs as compared 464 to humans, hence the first negative-going inflection in these curves ~60 ms after target 465 onset. While it may seem surprising that we are observing a stronger overall relationship 466 between neck muscle activity and ensuing RT in humans versus NHPs, recall that the 467 sample of NHP data was obtained with the head-restrained. We investigated the recruitment of the splenius capitis (SPL) neck muscle in humans 475 making horizontal eye-head gaze shifts to a punctate visual stimulus. We were 476 particularly interested in the time at which muscle recruitment started relative to target 477 onset. In NHPs, the initial recruitment of many neck muscles in this task is time locked to 478 visual target rather than movement onset (Corneil et repertoire is distinct from that in bipedal humans (Richmond et al. 1999a ). Humans also 502 have a reduced degree of prognathism and a rostral shift in the location of the foramen 503 magnum compared to NHPs (Tobias 1992). Thus, the human head is more balanced on 504 the vertebral column, reducing the overall dorsal neck muscle force required to keep the 505 head upright. Given these adaptations, differences in SPL recruitment are perhaps not 506 overly surprising. 507
That being said, we can certainly discount the possibility that humans simply do 508 not express SLRs, as a related line of work has reported SLRs on human upper limb 509 muscles using very similar recording and analytical techniques (Pruszynski et Such loading favours SLR detection by priming the motoneuron pool of interest, and by 528 allowing the SLR to be expressed as an increase or decrease in muscle activity following 529 target presentation in or opposite to the muscle's preferred direction, respectively. In pilot 530 experiments, we tried non-central fixation locations to increase background activity on 531 one SPL muscle, but these were not any more successful in eliciting the SLR; subjects 532 also expressed discomfort in having to maintain off-centre head positions for prolonged 533 periods of time. Other strategies to load SPL in humans may be worth exploring, but any 534 approach should try to increase SPL activity bilaterally to maximize the chance of 535 observing an SLR on at least one muscle (e.g., perhaps by pitching the head up). considerations of the lack of effect of head restraint on the SLR in NHPs). 539
Our collection of a considerable database from SPL in NHPs allows us to 540 discount more straightforward explanations. Some of our NHPs were experimentally 541 quite naïve when the neck SLR was recorded; this and the observation of limb SLR on 542 naïve human subjects decreases the possibility that SLRs arise only after extensive 543 visuomotor training. Further, the habitual saccadic RTs tended to be longer and more 544 variable in NHPs expressing the SLR when compared to humans expressing the SLR. In 545 part, the longer RTs in NHPs likely reflects the slightly different oculomotor tasks many 546 NHPs performed; three of the eight NHPs did not have a 200 ms gap prior to visual target 547 presentation, and the visually-guided saccades studied for these NHPs were often 548 intermixed with other saccade types (e.g., anti-saccades, or cued saccades in an 549 inhibition-of-return paradigm). If anything, the longer RTs in this subset of NHPs would 550 presumably be associated with lower magnitude SLRs, making the comparative 551 differences with humans even more striking. Regardless, the higher SLR prevalence in 552 NHP-versus human-SPL cannot simply be attributed to shorter RTs in NHPs. 553
554
The SLR distributes preferentially to deeper neck muscles 555
In NHPs, the SLR is more likely to be recorded on deeper, suboccipital muscles as 556 compared to SPL ( From these findings, we can be moderately confident that the low prevalence of 580 the SLR in human SPL does not simply relate to a sampling bias of our recordings away 581 from slow muscle fibers. Our intramuscular EMG electrodes in both humans and NHPs 582 record gross muscle recruitment across many motor units, and in the absence of data 583 demonstrating regional differences in SPL fiber distribution in humans, it appears likely 584 that we recorded from many slow muscle fibers. We cannot discount the possibility that 585 the SLR may distribute to particular portions of the SPL muscle that were not sampled in 586 humans. For example, while we controlled aspects of electrode location in both humans 587 (i.e., we endeavoured to standardize our point of SPL insertion on the dorsal neck) and 588
NHPs (where the electrode is stitched onto the underside of a surgically-isolated SPL), 589
we have less control of recording depth. It remains possible that the SLR distributes 590 preferentially to the deeper SPL in both humans and NHPs; note that we view this 591 explanation as somewhat unlikely since our staggered monopolar insertions in humans 592 likely reached different depths within SPL. An alternative possibility is that the SLR 593 distributes preferentially to medial or lateral locations that went unsampled. instances where an SLR was not detected with our criteria, we often observed a band of 636 target-locked activity for short-latency saccades that dissipated for longer-latencies (e.g. 637 right-SPL for rightward targets for subject B in Fig. 2) . At least for human-SPL, it 638 therefore may be more appropriate to think of the phenomena leading to an SLR as 639 paralleling that of express saccades. Given this, there may well be neurological diseases 640 or disorders (Hutchinson et 
